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ABSTRACT
Aging infrastructure and changing social and environmental conditions are two
factors that are currently pushing wastewater treatment towards more sustainable
methods. This thesis investigates what sustainable treatment technologies are being used
in the American South through a focused sample of six cities across the region: Austin,
Texas; Fayetteville, Arkansas; Hattiesburg, Mississippi; Memphis, Tennessee; Ocean
Springs, Mississippi; and Tuscaloosa, Alabama. The study assesses the types of
sustainable treatment technology utilized at each facility, the perspectives of wastewater
professionals about the technology, and the economic and environmental sustainability of
each facility. Data was collected through direct observations on tours of the facilities,
open-ended interviews of the wastewater professionals, and use of publicly available
budgetary and environmental compliance data for the years 2008 to 2018. Based on the
framework of this study, only the Ocean Springs facility was economically and
environmentally sustainable. Given the difficulty of defining the term sustainable,
however, it is up to each municipality to leverage the sustainable techniques that best fit
its wastewater treatment needs.
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CHAPTER I INTRODUCTION
The relationship between humans and the environment is a major theme in the
field of geography, and one of the most complex and vital relationships is the one we
have with water. Water has defined where we live, how we use the land, and where we
can go for much of human history. It is only in the modern era that we have developed
the vast networks of water infrastructure that allow us to live and grow crops in areas
where we were previously more limited in development. For all of our hydrological
achievements, however, we still need more of this valuable resource to live and to
function in our increasingly urbanized society.
We use water for more than just drinking; we use it in our residences, our
industries, and in agriculture. Water, however, is a finite resource, and only so much of it
is usable as freshwater. Our historic legacy has not been one of protection and
conservation of our water supply. There are many well-known examples of how societies
have failed to take care of their water resources: the Great Stink of London, when the
Thames became overwhelmed with the refuse of London (Halliday 1999); the killing of
the Rhine (International Commission for Protection of the Rhine [ICPR] 2011), when a
fire at a Swiss chemical plant resulted in a flush of toxic chemicals downstream that
wiped out all river life; the Exxon-Valdez and Deepwater Horizon oil spills (USGS
2016); the ever-growing dead zone in the Gulf of Mexico, driven by Mississippi River
agricultural runoff (NOAA 2019); the ongoing contamination of the sacred Yamuna
River by Delhi’s untreated sewage (Haberman 2006) ; and the extreme contamination of
West Virginia’s Elk River by a coal mining operation chemical spill (Gabriel 2014).
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These examples are important because they demonstrate the powerful impacts
humans can have on the environment and the irreparable damage we can potentially
cause. Some of these examples, however, offer hope that we can repair the damages we
have caused. The Great Stink resulted in the construction of London’s sewage and
stormwater system by famed civil engineer Sir Joseph Bazelgette (Halliday 1999).
Initially the system only served to carry the wastewater out to sea but later saw sewer
infrastructure expansion and the introduction of treatment facilities. The 1980s Sandoz
chemical spill in the Rhine led to a multinational effort to restore the health of the river
through clean up and sustainable management efforts. Due to improved water quality
since then, wildlife has returned to the Rhine and sensitive species such as salmon that
had previously been extinct on the river have begun to make a return (ICPR 2011). This
example allows us to show that sustainable management practices can be used to promote
river health and prevent further degradation. Though the Rhine will never return to its
original state due to human modifications of its channel, its recovery provides hope and a
template of sustainability for other heavily altered rivers.
Human modification of the landscape in an attempt to tame water is immense and
profound. We need only look at the highly engineered levee system and control structures
of the Mississippi River that hold back the river (Barry 1997) or the dike and polder
systems in the Netherlands that push back the North Sea (Murphy, Jordan-Bychkov, and
Bychkova Jordan 2009, 42-49). We can also see the costs when our efforts to control
water are unsuccessful and urban areas are inundated, such as the case of New Orleans
after Hurricane Katrina in 2005 (Sills et al. 2008) or the recent disaster of unmanageable
floodwaters due to Hurricane Harvey in 2017 (Friedman and Schwartz 2017). While both
2

serve as extreme examples, they highlight concerns that have come to plague modern
cities: issues surrounding the sustainability, resilience, and vulnerability of urban growth.
The concepts of sustainability, resilience, and vulnerability are important
considerations to take into account for urban and environmental planning because they
help to address and offset the deficiencies that arise in the human environment due to
externalities. An externality is an unintended side effect that affects parties or people not
directly involved with the action (Bishop 2004, 94). Examples of externalities may
include pollution from a plant that creates a financial or public health hardship on a
nearby town (a negative externality) or it could be a beekeeper’s bees pollinating a local
farmer’s crops, boosting his crop yield (a positive externality) (Bishop 2004, 94). While
the three concepts are inextricably linked, the primary focus of this particular project is
sustainability as it pertains to wastewater management practices. As the previously
mentioned examples of environmental failures show, humans impact waterways. The
Thames River of 19th century England and the Yamuna River of contemporary India have
both suffered because they have been used as dumping grounds for raw sewage, which is
dangerous to both environmental and public health. Viewing rivers and waterways as
depositories for waste has become a less feasible option than in the past. Historically,
human settlements have relied heavily upon waterways to carry off their waste for a
variety of reasons: populations were small and so too was their impact; downstream
communities were less affected than today; and rivers ran unimpeded by dams and other
water catchment systems. But times have changed, populations have grown, and so have
their impacts. Likewise, rivers rarely run unobstructed as they once did. Most
importantly, however, today we know that dumping waste in the river is dangerous. We
3

can measure the effects and understand the consequences. Today, what we put in the
waterways can have far-reaching implications.

ON BIOREGIONALISM
One way to understand the physical and cultural geography of local water health
and sustainability is through the lens of bioregionalism. Bioregionalism originated with
the counterculture movements of the 1960s and was based on the ideas of sense of place
(Parsons 1985, 1). Bioregionalists stressed the importance of knowing one’s own local
area and the biodiversity within it, protecting and respecting that space, and
understanding the link of culture and environment. Bioregionalism focused on the scale
of the watershed as a sort of miniature biosphere and promoted watershed consciousness
(Parsons 1985, 2). The backbone of bioregionalism is rooted in reverence for the
environment and places the expectation on communities to take on the responsibilities to
personally see that their own little biospheres are being taken care of and protected.
While bioregionalism has been criticized for not taking into account external
ecological impacts, the idea of a community investing in and protecting its local
environment is an important element of the environmentally sustainable practices that we
as a society need to adopt.

AGING INFRASTRUCTURE
As technology ages, it becomes less effective, making it more expensive and less
sustainable. Aging wastewater infrastructure is a problem in the US, and, as the
population grows more urbanized, cities are having to find cost-effective wastewater
4

infrastructure that also meets the Environment Protection Agency’s (EPA) guidelines
(Owens 2013, 1; EPA 2016, 15-16). A report by the American Society of Civil Engineers
(ASCE) suggests centralized wastewater systems will see a 23% increase, representing
about 56 million new users, by 2032 (ASCE 2017). In its 2012 Clean Watersheds Needs
Survey (CWNS), the EPA concluded that $271.0 billion in “documented needs” had been
accounted for in state and municipal planning for wastewater conveyance and treatment
facilities (EPA 2016, 1). This immense dollar amount was a $67.1 billion dollar decrease
from the 2008 survey, not because the wastewater infrastructure had seen vast
improvement but because of reduced budgets that could not fund the needed wastewater
infrastructure improvements (EPA 2016, 11).
Water infrastructure is not cheap, but it is a required utility. Total water
infrastructure can consume an average of 30-40% of the total energy usage of a
municipality, while water treatment accounts for a 3-4% of the national electrical
consumption (EPA 2017). One study found that between 2009 and 2014, both state and
local governments decreased capital spending for drinking water and wastewater by 22%
while federal capital spending did not change significantly during that time period
(Spalding 2017, 6). On the other hand, consumers consider water infrastructure the third
most important type of infrastructure to maintain after educational and medical
infrastructure, though only 2% of rate payers support rate hikes to the primarily ratesupported infrastructure (Spalding 2017, 6).
This indicates there is a glaring issue with the economic sustainability of the water
infrastructure. Using passive treatment techniques, energy efficient technology, or
resource reclamation can help to offset costs and make wastewater treatment more
5

economically sustainable. However, these stopgap measures do not necessarily hide that
water services are still business-like enterprises based on fee-for-service charges. In this
way, while the crisis of infrastructure creates issues of economic and environmental
sustainability, it also brings up the third pillar of sustainability: equity. As of January
2018, residential wastewater rates range from $16.96/10CCF (10CCF = 7500 gallons) in
Memphis to $139.46/10CCF in Atlanta (MGW&L 2018, 16). The abbreviation CCF
stands for centum cubic feet, or 100 cubic feet. These consumer costs for a necessary
service vary widely, and it cannot be ignored that higher rates and sudden hikes to pay for
repairs and upgrade costs will disproportionately affect lower income citizens.
In July 2017, the Memphis City Council voted to raise the wastewater fees by an
average of $10 by 2021, which along with a 15% in stormwater fees will assist in paying
for $500 million in wastewater and sewer upgrades and $150 million in stormwater
projects over the next decade (Poe 2017). Although it is apparent that the funding was
needed, with projects running the gamut from federally mandated repairs of sewage
leaks, treatment plant upgrades, and flood mitigation, cost to the consumers was an issue.
One councilperson explained that she could not support both the wastewater and
stormwater fee increase because she had received calls from her constituents living on
limited or fixed incomes that were against further utility increases (Poe 2017).
This has in some sense become the cost of putting off the upgrades we need. The
cost is disproportionately borne by the poor for the simple reason that they have the least
wealth. Integrating more economically sustainable technologies, however, could ease
costs to consumers by offsetting or eliminating overhead expenses at facilities. This could
produce lower treatment costs overall, potentially preventing future wastewater hikes,
6

thus creating a more pronounced equity in public utilities. Ideally, there could even be a
reduction in wastewater fees, should the municipality see fit.
As a conceptual framework, sustainability has notable shortcomings. The
problems with quantifying sustainability have manifested themselves not only in this
document but in others as well. To ask, “How long does something have to last for it to
be sustainable?” is generally not helpful, but this is the question we want answered when
we think of sustainability. This becomes less important, however, when we consider that
much of the US water infrastructure is already 50 to 100 years old, if not older. A more
interesting question regarding sustainability, then, should focus less on a linear concept of
time and more on a model of beneficial efficiency with both current and future consumers
in mind. Perhaps an even more daring question would be, “How beneficial will this
(wastewater treatment technique/infrastructure) be to the next generation?” In eliminating
the focus on the current generation, the idea would to be avoid short-term fixes to
wastewater problems that are ultimately unsustainable. This could potentially drive
greater efficiency in a model of sustainability.
The three pillars of sustainability - environment, economy, and equity - fit
together to form a holistic model. In the case of wastewater management, the three pillars
complement each other to create a foundation for promoting sustainability within the
field. Issues regarding environmental sustainability are pertinent to current and future
generations for environmental and public health reasons. Economic sustainability can
help manage costs as we tackle the problems that are beginning to rise from aging
infrastructure. Economic sustainability can also assist with promoting social equity by
helping to keep wastewater fees manageable for all residents, of whom the poor are more
7

adversely affected by cost increases. Furthermore, equity can be tied to environmental
sustainability practices as well. Earlier-mentioned bioregionalism and watershed
consciousness allow for cultural participation in and understanding of the local
environment as a common public resource. Though this seems small, it could lead to a
public that is more active in the world around them, thus contributing to greater social
equity over time. In this way, addressing sustainable wastewater treatment as a model of
current and future efficiency rather than simple longevity, we are able to see beneficial
qualities to sustainability.

STUDY AREA
Six wastewater facilities in five cities were selected across the American South
for this research: Austin, Texas; Fayetteville, Arkansas; Hattiesburg, Mississippi;
Memphis, Tennessee; Ocean Springs, Mississippi; and Tuscaloosa, Alabama; These cities
were chosen because they all use at least one type of wastewater technique that is
considered sustainable according to industry standards. Furthermore, although these sites
span a large geographical area, they all fall within a broadly similar climatic and cultural
region.
Austin is located in central Texas on the Colorado River and on the eastern edge
of the Edwards Plateau (National Geographic 2013, 34). The Köppen climate
classification for the region is a Cfa climate, though it is on a transitional boundary and
takes on some semiarid characteristics due to its interior location (Rohli and Vega 2015,
158). Based on the US Census American Community Survey (2016), Austin’s total
population is 907,779, while the metropolitan statistical area (MSA) population of
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Greater Austin 2,168,316 as of 2018 (Austin Chamber of Commerce 2019). It is the
capital of Texas, and home to the flagship University of Texas at Austin, making it a
government and education center for the state. Furthermore, Austin has become a Mecca
of tech company headquarters, earning it the nickname “Silicon Hills.” The top five
primary racial demographics are 75.9% White, 7.6% Black or African American, 6.8%
Asian, 6.1% some other race, 0.9% White and Asian. 34.5% of the population identified
as Hispanic/Latino. The ancestry for Austin was primarily German (11.6%),
Scottish/Irish/Scotch-Irish (11.2%), English/Welsh (8.3%), Western European (3.7%),
and American (3.7%). Austin has an unemployment rate of 5.0%, with 73.3% of the
population age 16 years or older in the labor force. The top five employing industries are
educational services, health care and social assistance (20.1%); professional, scientific
and management, and administrative and waste management services (17.2%);
arts/entertainment/accommodations and food service (11.2%); retail (10.5%); and
finance/insurance and real estate (7.3%). The per capita income is $35,672, while the
median family income is $77,755. The percent of families whose income in the past 12
months fell below the poverty line was 11.1%, with 16.7% of all individuals living in
poverty. Austin has a higher rate of educational attainment than the other study sites, with
88% of the population being at least high school graduates and 42% possessing at least a
bachelor’s degree.
Hattiesburg is located in southeastern Mississippi, near the junction of the Leaf
and Bouie Rivers. The Köppen climate classification for the region is a Cfa climate,
humid subtropical (Rohli and Vega 2015, 158). Based on the 2018 Census American
Community Survey, Hattiesburg’s total population was 45,951, and while the Hattiesburg
9

MSA population was 146,997 as of 2015 (Area Development Partnership, 2016). The
city is home to two universities - the University of Southern Mississippi and William
Carey University - and is a regional medical hub. The primary industries for employment
in Hattiesburg are educational services, health care, and social assistance, which together
make up 31.4% of the job market. The next largest employers are retail (15.6%),
arts/entertainment/food service (14.7%), manufacturing (8.1%),
professional/scientific/management/administrative/waste management (7.3%), and
construction (4.6%). Hattiesburg has an unemployment rate of 8.9%, with 53.9% of the
population age 16 years or older in the labor force. 86.6% of the population has at least a
high school diploma and 30.9% has at least a bachelor’s degree. Hattiesburg’s ancestry as
reported as Scottish/Irish/Scot-Irish (12.5%), American (6.8%), German (6.2%),
English/Welsh (5.9%), and Western European (2.7%). Racial demographics are Black or
African American (53.9%), White (42.9%), Asian (1.2%), and White and Black/African
American (0.8%). 4.3% of the population identifies as Hispanic/Latino. Hattiesburg has
the lowest per capita income in the study group at $19,134, and the lowest median family
income at $39,627. Hattiesburg had the highest poverty rates in the study group. The
percent of families whose income in the past 12 months fell below the poverty line was
29.3% with a total of 36.8% of all individuals living in poverty.
Fayetteville is located in the northwestern corner of Arkansas. It is in Boston
Mountains, a subset of the Ozark Mountain range (National Geographic 2015, 35). The
Köppen climate classification for the region is a Cfa climate (Rohli and Vega 2015, 158).
Based on the 2018 Census American Community Survey, Fayetteville’s total population
was 86,751, and while the Fayetteville MSA population was 525,032 as of 2016
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(Fayetteville Chamber of Commerce). Fayetteville is home to the University of
Arkansas, the state’s flagship university. Its primary employers are educational services,
health care, and social assistance (31.5%). The next largest industries are
arts/entertainment/accommodations/food service (13.5%), retail trade (12.7%),
professional/scientific/management/administrative/waste management (10.8%),
finance/insurance/real estate (4.8%), and other services (4.6%). Fayetteville has the
lowest unemployment rate of the sites (3.3%), with 60.1% of the population age 16 years
or older in the labor force. Its per capita income is $27,802, and its median family income
is $64,764. The percentage of families whose income had fallen below the poverty level
in the past 12 months was 12.1%, with a total of 24.9% living in poverty. Fayetteville has
one of the highest rates of education of the study sites, with 92.2% of the population
having at least a high school diploma and 47.6% having at least a bachelor’s degree. The
city’s primary racial composition is White (81.9%), Black or African American (6.4%),
Asian (3.1%), Biracial White and American Indian or Alaskan Native (1.5%), and
American Indian/Alaskan Native (0.9%). About 7.6% of the population identifies as
Hispanic/Latino. Fayetteville’s ancestry is identified as Scottish/Irish/Scotch-Irish (18%),
German (14.8%), English/Welsh (12.8%), American (5.3%), and Western European
(4.1%).
Memphis, Tennessee is located on the Mississippi River. It has a Cfa Köppen
climate classification (Rohli and Vega 2015, 158). Based on the 2018 Census American
Community Survey Memphis’ total population was 650,618, and while the Memphis
MSA population was 1,374,138 as of 2018 (Greater Memphis Chamber, 2019).
Memphis was founded as and remains an important port city for trade and transportation
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on the river. It is also is geographically important as an airport location, possessing the
second busiest airport for cargo transport in the world, only after Hong Kong (Airports
Council International 2018); the United Parcel Service (UPS) has a substantial presence
in Memphis and FedEx is headquartered there; together they employ over 11,000 people
at Memphis International Airport (Memphis International Airport 2015). The primary
industries in Memphis include educational services, health care, and social assistance
(22.8%). Transportation/warehousing/utilities (12.2%), retail trade (11.4%),
professional/scientific/management/administrative/waste management (10.6%), and
arts/entertainment/accommodations/food service (10.0%). The unemployment rate in
Memphis is 7.2%, with 63.8% of the eligible civilian population in the labor force. The
per capital income is $22,728, while the median family income is $43,998. The
percentage of all families who had lived below the poverty line in the past year was
22.7% and 27.6% of the population lives in poverty. Memphis had the lowest percentage
of people having completed high school or higher, at 84.0%, and the lowest percentage of
bachelor’s degrees or higher at 25.1%. The primary racial demographics for Memphis are
Black/African American (63.6%), White (29.6%), some other race (3.3%), Asian (1.5%),
and White and Black/African American (0.6%). Hispanic/Latinos compose 6.8% of the
population. Memphis’ ancestry is identified as Scottish/Irish/Scotch-Irish (6.6%),
English/Welsh (4.3%), American (4.2%), German (3.9%), and Southern European
(1.8%).
Ocean Springs, Mississippi is located on the Mississippi Gulf Coast. The climate
classification is for Ocean Springs is a Cfa climate (Rohli and Vega 2015, 158). The total
population for the city is 17,547, and it is part of the Gulfport-Biloxi-Pascagoula MSA,
12

which has an estimated population of 397,261 as of July2018 (US Census). There is a
racial demographic makeup of White (83.5%), Black or African American (10.1%),
Asian (2.1%), some other race (1.7%), and White and American Indian/Alaskan Native
(0.9%). About 8.6% of the population identifies as Hispanic/Latino. Ocean Springs
ancestry is Scottish/Irish/Scotch-Irish (16.3%), English/Welsh (13.1%), German (11.2%),
American (10.8%), and Western European (7.9%). The city has an unemployment rate of
3.7%, with 60.7% of the eligible civilian population being in the labor force. The primary
industry for employment is educational services/health care/social assistance (28.2%),
arts/entertainment/accommodations/food service (17.6%), manufacturing (10.3%), public
administration (9.7%), and professional/scientific/management/administrative/waste
management (9.0%). The per capita income is $32,332, while the median family income
is $80,461. The percentage of all families whose income fell below the poverty level in
the past 12 months is 4.7%, while that number is 8.7% when accounting for all people.
About 92.4% of the population is a high school graduate or higher, and 38.8% of the
population holds a bachelor’s degree or higher.
Tuscaloosa is located on the Black Warrior River in the west-central region of
Alabama. Tuscaloosa has a Cfa climate (Rohli and Vega 2015, 158). Based on estimates
from the 2018 US Census American Community Survey, the total population for
Tuscaloosa is 101,113, and the Greater Tuscaloosa MSA has an estimated population of
243,575 as of July 2018 (US Census). The city is home to the University of Alabama, the
state’s flagship university, and is an important regional medical destination. The primary
industry for employment is educational services, health care and social assistance
(30.5%). Following that industry is manufacturing (14.2%),
13

arts/entertainment/accommodations/food service (8.8%), professional/ scientific/
management/ administrative/ waste management (7.5%) and construction (6.4%). The per
capita income is $23,896, while the median family income is $61,071. The
unemployment rate is 4.1%, while the percentage of the population in the civilian labor
force is 59.0%. The percentage of families whose income in the past 12 months is below
the poverty line is 12.1% and that number is 18.0% for all people total. About 88.1% of
the population finished high school or beyond, while 29.4% completed a bachelor’s
degree or beyond. Tuscaloosa’s total population is 202,471, with a primary demographic
breakdown of White (65.4%), Black or African American (31.0%), Asian (1.5%), some
other race (0.9%), and White and Black or African American (0.3%). About 3.3% of the
population identified as Hispanic or Latino. The city’s ancestry is primarily identified as
Scottish/Irish/Scotch-Irish (10.1%), American (7.8%), English/Welsh (6.7%), German
(6.2%), and Southern European (2.6%).
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CHAPTER II– LITERATURE REVIEW
A review of the literature on wastewater treatment indicates a shift towards more
sustainable practices in recent years. While this shift is occurring at the global scale,
much of the existing research has focused on the developing world and Europe. The trend
in the developing world focuses primarily on a sustainable wastewater as a cost-effective
way to address sanitation in low-income areas, while research emerging from Europe
tends to focus on sustainability as a general goal of the European Union (Wendland and
Albold 2010, 5). Higher income nations generally have more stringent environmental
regulations than lower income nations and they tend to invest more capital in wastewater
treatment (Kjellen 2018, 225).
From a geographical perspective, lack of effective wastewater sanitation is a
severe burden on local homes and populations in poor neighborhoods, resulting in a more
geographically isolated effect. As the wealth of nations increases, however, and the
wastewater treatment passes into what is termed the intermediate phase, the
environmental burden falls on urban rivers, where the sewage is pumped to be washed
away by the river (Kjellen 2018, 225). In the wealthiest nations, there may be quality
wastewater treatment and stringent environmental regulations, but as part of this
advancement into a sustainable future, polluting industries may be displaced to countries
with fewer regulations. In this way, the burdens become dispersed globally by the
wealthiest consumers, who are still purchasing goods from the polluting factories that
have moved overseas (Kjellen 2018, 225). Additionally, issues with emerging pollutants
that are generally not removed from wastewater, such as pharmaceuticals and personal
care products, are becoming frequent topics of concern. One study compared the levels of
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pharmaceuticals in treatment facility effluent in Indian and the US and found the US had
both lower levels of pharmaceuticals and cleaner effluent, both of which were attributed
to increased polishing steps (Mohaptra, Huang, Mukherji, and Padhye, 2016, 534). The
same study found the pharmaceuticals tended to be higher in the winter, when cold and
flu season peaked. This study highlighted the vulnerability of developing market
countries to emerging pollutants that the developed world does not yet fully eliminate
from treated effluent. Another study further examined the environmental risk of the
persistence of pharmaceuticals and care products after treatment and land application as
fertilizer (Verlicchi and Zambello 2015, 752). The study found products ranging from
antibiotics, to birth control hormones, caffeine, and even fragrances and antiseptics
remained in the amended soil (Verlicchi and Zambello 2015, 765). The most critical
compounds were identified as persistent antibiotics, antibacterial agents, and hormones.
There is a lack of data on the chronic toxicity and effects of mixtures of these compounds
of various organism. There is also a danger of exposure of subtherapeutic levels of
antibiotics to organisms that can potentially give rise to multi-drug resistant bacteria
(Verlicchi and Zambello 2015, 765). At current, there has not be enough data to
determine the full implications of these types of emerging pollutants in the ecosystem.
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ENVIRONMENTAL TRENDS IN WASTEWATER TREATMENT
Rebranding Wastewater Treatment
An emerging paradigm in American wastewater treatment is the shift away from
the traditional objective of pollutant removal to a new goal: resource recovery (Guest and
Skerlos 2009, 6127). At least part of this shift has been attributed to the adaption of the
Life Cycle Assessment (LCA), a tool used by researchers to analyze human systems such
as manufacturing or agriculture and their environmental impacts like climate change or
eutrophication (Pradel et al. 2016, 61). The LCA was initially developed for
manufacturing but has been adapted by researchers to model wastewater treatment as an
extractive system that has resource inputs, energy flows, outputs in the forms of products
and potentially fatal waste (Pradel et al. 2016, 62). In this sense, wastewater management
systems have the potential to become an extractive industry at a sufficiently large scale.
Wastewater can be mined for multiple resources: water, biosolids, and biogas. Biogas can
be burned to produce electricity, while the biosolids can be used as fertilizers (Mo and
Zhang 2013, 256). These recovered resources can be sold for profit as part of the
bioeconomy (Mosquera-Losada et al. 2016, 341) or used onsite as a way to reduce
operating costs. It has been suggested that a power positive facility is possible if enough
biogas can be captured to power onsite generators and even to add electricity back to the
electrical grid (Parry 2014, 46-48). In general, the potential energy to be gained from
facilities is nine to ten times greater than the amount of energy that must be expended to
power the facility (Yan et al. 2017, 1017).
A recent European study indicates that aging and deteriorating wastewater
infrastructure becomes gradually less efficient over their lifespan, which leads to
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increases in energy consumption over time (Castellet-Viciano, Hernandez-Chover, and
Hernandez-Sancho 2018). The researchers were able to model the energy costs in Euros
per year as it relates to annual volumes of wastewater treated, contaminants removed, and
the growing obsolescence of treatment systems. The study found a significant difference
in energy consumption over time in treatment processes with aeration systems, which is
logical because their diffusers gradually become clogged, leading to greater inefficiency
and greater energy consumption (Castellet-Viciano, Hernandez-Chover, and HernandezSancho, 2018, 371). In terms of sustainability, this study is important because it provides
an example of the cost of aging infrastructure for policymakers, engineers, and other
stakeholders. Being able to model for and reduce energy consumption at wastewater
facilities is also environmentally beneficial, given the link between energy consumption
and greenhouse gas (GHG) emissions. Wastewater professionals could also use the model
to track changes in their energy use to ensure timely maintenance, which will keep the
facility efficient (Castellet-Viciano, Hernandez-Chover, and Hernandez-Sancho, 2018,
371).
Biosolids and Nutrient Reclamation
While a power positive facility could be the ultimate goal, resource reclamation
can also achieve a net environmental positive as well (Wang et al. 2015, 1631). In their
study, Wang and others assessed the probability of achieving a net environmental
positive when accounting for the adoption of sustainable wastewater treatment techniques
as regulations on effluent quality become stricter. Part of these emerging regulations have
included decreases in nutrient amounts in treated effluent as a way to combat nutrient
overloading in receiving waterways (Beauvais 2016). One of the more common
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sustainable treatment techniques is biosolid separation with land application, which has
been employed since antiquity (Angelakis and Snyder 2015, 4888). Biosolids refer to the
sewage sludge that settles out during the treatment process that is then thickened and
dewatered (EPA 2000). The biosolids are eligible for land application, meaning they can
be used as fertilizers, soil additives, or conditioners. It should be noted, however, that
very stringent EPA permitting guidelines exist for land application with regard to the
nutrient and pathogen levels (EPA 1994, 16-18). An advantage of land application is that
it can be environmentally and economically beneficial. Facilities do not have to send
solids to landfills or incinerate them, but can instead sell them to generate revenue (Singh
and Agrawal 2008, 356). Approximately 55% of biosolids produced in 2004 were able to
be land applied while of the remaining 45%, most went to municipal landfills (63%) or
incinerated (33%), and 4% were sent to biosolids landfills (Seiple, Coleman, and Skaggs
2017, 676).
Due to increased industrial loading as well as combined stormwater and sewer
systems in some locations, there have been problems with heavy metals that can
accumulate in soils in potentially toxic concentrations over the long term (Singh and
Agrawhal 2008, 356). The bioavailability, or the propensity of a chemical to be absorbed
by organisms, of heavy metals in soils is dependent on a multitude of variables. Carefully
managed, controlled doses of biosolids did not cause significant buildup of heavy metals
and have been demonstrated to contribute to higher agricultural yields (Singh and
Agrawhal 2008, 350-352; Wu et al. 2012, 539). Because not all wastewater facilities take
on industrial loading or stormwater, which could both lead to higher levels of heavy
metals, it is worth noting that heavy metal levels vary geographically. Initial research
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voiced concern about the large amount of phosphorus in biosolids, but it is now seen as
stable in that it can be extracted efficiently by crops, thus having a low risk of
eutrophication through water transport (Tian, et al. 2016, 175). Recent studies suggest
that the risk of eutrophication from application of biosolids was previously overestimated
and land application is a more sustainable option than using inorganic fertilizers
(Withers, Flynn, and Warren 2015, 138-139).
Amann and others (2018) examined the impacts of phosphorus recovery from
municipal wastewater by examining potential emissions and energy demand issued by
various phosphorus recovery technologies through the LCA tool. The data was collected
from 18 technologies, grouped by their three application types: liquid phase, sewage
sludge, or sewage sludge ash. The researchers calculated a base cumulative energy
demand, global warming potential, and acidification potential, then adjusted those data up
or down according to the type of phosphorus recovery (Amann, et al., 2018, 132-133).
The study indicated that the facilities that recover phosphorus from the liquid phase
reduced or had only a slight addition to the cumulative energy demand and warming
potential, while simultaneously providing highly available phosphorus with low heavy
metal occurrences (Amann et al. 2018, 137).
The authors point out that liquid phase recovery is restricted to facilities that
possess the enhanced biological phosphorus removal technology. The sludge ash had the
highest phosphorus recovery rates but mixed results on energy, emissions, and
acidification potential, though the results trended toward neutral. The overall recovered
phosphorus was less efficient in some soils as a fertilizer and heavy metal removal was
not always possible (Amann et al. 2018138). Sewage sludge only saw medium recovery
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rates of phosphorus and a general increase over all reference systems, though future
exploration of syngas capture and how that may affect emissions numbers was discussed.
The study is important because it addresses a broader of view of not only resource
recovery in wastewater, but examines which types of recovery are most efficient and will
be more sustainable over the long term (Amann et al. 2018, 138).
Recently, land application has been recognized as a way to sustainably boost
growth in forest plantations when applied to tree plots during the seedling planting stage.
This was a boon to foresters because they saw a boost in growth and increased carbon
sequestration but with no negative impacts on soil properties (Ouimet, Pion, Hébert 2015,
197). Such a practice has a great deal of merit in that it promotes a circular economy, a
more sustainable approach to forestry, and is another commercial utilization of landapplied biosolids. The Circular Economy (CE) is a concept with ideological roots dating
back to 1862 CE. It has found resurgence in popularity in recent years. Also known as the
‘closed-loop’ economy, CE is a social and industrial system that promotes the concept of
a sustainable no-waste culture (De los Rios and Charnley 2017, 110). The four principles
of CE are optimizing energy and resources throughout the lifecycle of a system through
direct reuse, designing and maintaining products and their components for longer use,
applying cascaded reuse and repurposing of products/supplies as by-products across
industries, and utilizing pure materials (i.e. non-toxic) to anticipate uses in postconsumption (Ellen MacArthur Foundation 2013, 33-35). By applying these principles,
CE is able to retain resource values by converting what was waste into by-products, thus
creating a new value chain. Land application of biosolids and biogas capture are both
examples of converting waste into by-products to create a new value chain. In doing this,
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two loops are closed. No biosolids are sent to the landfill and biogas is captured and used,
rather than simply flared and wasted (Ellen MacArthur Foundation 2013, 33-35).
Water Recycling
The low hanging fruit of resource reclamation is water. The National Research
Council (NRC) published a report in 2012 that detailed the potential expansion of the US
water supply through the recycling of municipal wastewater. In the report, they detail the
unique challenge of water reclamation: it is hard to sell the idea to citizens due to public
health concerns (NRC 2012). While this makes some folks squeamish, many
municipalities are participating in what is referred to as de facto water reuse, as they use
surface water sources for drinking water, downstream of an effluent discharge point. The
NRC concluded that out of the 32 billion gallons daily (BGD) of municipal wastewater
that is discharged, 12 BGD makes its way into estuaries or oceans, which is roughly 27%
of the public water supply or 6% of the total US water use (NRC 2012). Capture and
reuse of this coastal discharge in water-limited areas could alleviate some water stress.
The NRC asserts that the municipal water reuse offers the possibility to increase the US
total available water resources but acknowledges that reuse alone will not solve the water
supply problem and will vary by region (NRC 2012).
Tran, Jassby, and Schwabe (2017) address the shortcomings of water reclamation
from wastewater in drought-prone areas in the Santa Ana Basin of California. As water
flows through the basin, its quality declines due to recycling and wastewater reuse (Tran,
Jassby, and Schwabe 2017, 273). During periods of extreme drought, as natural surface
water flows decline, wastewater flows become the more prevalent portion of the stream
flows. Constant wastewater recycling leads to increases in wastewater-derived
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contaminants, such as salts and nutrients (273). Current wastewater treatment facilities in
the region are not equipped with desalinization treatment steps, and the result is that
treated effluent, over time, becomes too saline for crop irrigation (Tran, Jassby, and
Schwabe 2017, 279). The authors propose that in order to better manage flow and
maintain stream health and a positive cost-benefit balance, the Santa Ana Basin should
not have the stringent indoor water conservation requirement but find the balance with
the outdoor water conservation. Furthermore, downstream facilities may need to be fitted
with desalinization technology (Tran, Jassby, and Schwabe 2017, 279). The authors show
how even sustainable wastewater techniques can be improperly utilized, and how
resilience can be stretched to the breaking point in an area where resources are already
scarce.
Re-framing wastewater treatment as resource recovery is key to moving the
industry towards a more sustainable future. By reclaiming water, nutrients, and biogas,
we are able to repurpose useful materials, such as water, or potential pollutants that can
be utilized in ways that limit their harm. Using the LCA, we can measure the
effectiveness of the various reclamation techniques to maximize sustainability and
efficiency. Research indicates, however, that there are concerns with resource
reclamation, as in the case of some of the nutrient reclamation and the recycling of
wastewater. There is a limit to resilience and sustainability, and existing research has not
examined either of these topics fully because the fields are new and the context in some
cases is still novel. New data is regularly emerging on sustainable wastewater treatment.
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ECONOMIC SUSTAINABILITY AND WASTEWATER MANAGEMENT
There are three different types of management models that have direct relevance
to this study. Two plants are publicly maintained by cities (Tuscaloosa and Austin), three
plants are managed by private companies (Hattiesburg and both Fayetteville facilities),
and one is part of a cooperative (Ocean Springs).
The overarching policy that governs all wastewater facilities, regardless of
management type, is the 1972 Clean Water Act (CWA), which put into place regulations
on wastewater treatment, nonpoint pollutant control, and water quality protections (Grigg
2011, 63). Since its initial adoption, the US EPA has added the NPDES (National
Pollution Discharge Elimination System) Phases I and II for stormwater management,
and has implemented the “Total Maximum Daily Load” program to assign loading totals
for waste discharge (Grigg 2011, 64). On a more local level, the EPA is implementing the
Environmental Management Systems (EMS) and International Organization for
Standardization 14001, which are voluntary programs but provide training and technical
assistance to local governments and communities on environmental compliance and
pollution control (Grigg 2011, 66). They enable the EPA to provide outreach to local
officials to help them better maintain CWA standards. The CWA are the guidelines for
wastewater compliance, but there are no federal guidelines specifically dictating the dayto-day management of the facilities. Daily management of the facility is handled by local
government, with economics playing a key role.
Public vs. Public Private Partnerships
There are economic advantages and disadvantages to public and private
management of wastewater facilities. Traditionally, corporate governance of a public
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service is rationalized as the maximization of profits will lead to maximizing wealth. This
is based on the widely employed shareholder-maximizing model, which assumes that
organizational actors will act in accordance with what is best for shareholders. The
shareholders in turn drive the company to do what is best for them, which ultimately
represents the best interests of society at large (Gnan, et al., 2013, 910-911). This model
has come under criticism due to its exclusionary nature. In the spirit of economic
sustainability, the stakeholder theory has been proposed as an alternative to the
shareholder-maximizing model. The stakeholder theory asserts that rather than merely
designing strategies that only benefit shareholders, corporations consider stakeholders
who contribute either voluntarily or involuntarily to the wealth of the company or bear
risk (Gnan, et al., 2013, 911). There are three ways that stakeholders can be represented
in a business, with varying degrees of stakeholder interaction. These stakeholder
representation types are as follows: market governance, which implies that stakeholder
interests are met through labor, product, and credit markets; hybrid stakeholder
structures, such as stakeholder management or consultation; and the sharing of
hierarchical control, in the form of giving stakeholder seats on supervisory boards of
firms (Wright, et al., 2003, 265-266). In terms of maintaining corporate interests,
stakeholder management has been a successful way to raise shareholder value (Wright, et
al., 2003, 265-266). From a sustainability standpoint, it is important to incorporate a
diverse point of view from stakeholders into privately managed public utilities because
while the private company is beholden to those personally profiting from it, there is a
public that either directly or indirectly uses the services.
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The privatization of public works is frequently framed as public-private
partnerships (PPPs), which rose to prevalence beginning during the Reagan
administration, when the federal government’s role became increasingly limited. It was
also during this period that Reagan’s tax policies promoted private investment in public
works, and he signed the executive order to establish the Office of Privatization in the
Office of Management and Budget and appointed the Commission on Privatization
(Heilman and Johnson 1992, 11). These policy changes were mirrored at state and local
levels, where privatization legislation and contracts were pursued as well. The incentives
for private versus public management of public services vary. Privately managed public
services rely on efficiency and competition to derive profit. Publicly managed services
are organized by political norms and are shaped by policymaking, accountability and
representation (Heilman and Johnson 1992, 11). The requirement of having to represent a
multitude of interests in society does not necessarily run parallel to a model that derives
profit. Competition and efficiency still exist in the public sector, though competition is
political in nature and efficiency is ensured by watchdog groups (Heilman and Johnson
1992, 33).
More recently, local governments have reached out for public-private partnerships
(PPP) not because of a desire to decrease the government’s role in water and wastewater
utilities, but to raise capital to supplement shortfalls facing the industry due to federal
funding decreases (Vedachalam, Kay, and Riha 2014, 120). Meta-analysis of the
privatization of water services, however, has found no reduction in costs as an outcome.
Insourcing, in fact, appears to be as common as outsourcing and is driven by lack of
savings and difficulties monitoring the private operations (Vedachalam, Kay, and Riha
26

2014, 134). There has been little research on public opinion on PPP in water and
wastewater infrastructure and what or whether there should be a private role in these
public utilities. A study by Vedachalam, Kay, and Riha (2014) considered public opinion
about who should the public felt should be managing water and wastewater
infrastructure. They found that 44% of respondents believed either private or public
entities were equally suitable to manage water utilities, whereas 38% only supported
public management and 18% only supported only private entities managing the facilities
(Vedachalam, Kay, and Riha, 2014, 131). That same study reviewed respondents’
opinions on funding sources for water and wastewater infrastructure projects, and found
that the majority of people (40%) believed that local government should source funds,
while state (28.2%) and federal (18.3%) followed. Only 13.6% of respondents had
preferences for private corporations as funding sources for the project. The study also
found that public concern surrounding water and wastewater infrastructure is generally
low, but it is influenced by increasing water rates and perceptions of water resource
scarcity. Rising interest is positive for the stakeholders who rely on public opinion to get
policy passed (Vedachalam, Kay, and Riha, 2014, 131).
The pros and cons of PPP projects can be weighed in risks and rewards. The
private sector answers to shareholders and is driven by profit, while the public sector
answers to the community and must ensure that a level of quality is met. Ideally, this
balance produces a higher quality and more efficiently run system than a project managed
solely by government alone (Ng and Loosemore 2007, 67). The PPP is beneficial to
governmental bodies because it takes the burden of certain risks, such as asset and
operating risks, and allocates them to the contractor/project company (Ng and
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Loosemore, 2007, 71). A basic principle of risk sharing in these projects is that the
benefits received are roughly equal to the risks taken. In the event that benefits do not
meet anticipated outcomes, the government provides a minimum revenue guarantee and,
conversely, the government should receive a share of excess revenue when actual
earnings are in excess of what was expected, based on risk-sharing rules and as a way to
protect the public interest (Wang and Liu 2015, 1318). Wang and Liu point out the
sometime overlooked ethical and moral issues associated with PPPs. A common case
would be when the public sees service rate increases, such as higher sewer fees, to pay
the private shareholders (Wang and Liu 2015, 1318).
In some cases PPPs have been the only way for some communities to afford or
manage wastewater infrastructure upgrades. For example, Yang and others (2017)
examined the need for wastewater treatment in China, especially since 2010, and the
possibility of PPPs as an option. Local governments lack the money for the initial
investments or upgrades and lack the knowledge to operate and maintain the sewage
facility and network (Yang, Tong, Ruyin Long, Xiaotong Cui, Dandan Zhu, and Hong
Chen, 2017, 1067). In 2014, when the Chinese first began allowing PPP projects, the
41.4% of the total PPP projects in Beijing were sewage treatment projects. As of
February 2016, there were 630 active sewer treatment PPPs in the country. The
researchers point out the one-third of all sewage treatment projects in Germany are PPP
and suggested that PPPs were utilized to provide financial resources to upgrade
wastewater treatment (Yang et. al, 2017, 1066).
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Member Owned Cooperatives
Very little published research exists on the topic of wastewater cooperatives.
Viardot examined the role of North American and European cooperatives in the adoption
of renewable energy and their ability to influence member behavior to get members to
swap from using fossil fuel-driven energy to renewable energy (Viardot 2013, 756). Most
cooperatives around the world operate under the ethics and principles of the International
Co-Operative Alliance, and are member-owned. Viardot determined that the primary
actions that renewable energy cooperatives took to get members to switch to renewable
power was to first provide public education on the matter as a primary objective and
second provide low cost actions so that there was a minimum investment on the part of
members . Helping people to understand the service and making services accessible
through affordability are the two most immediate ways that the cooperatives in the
Viardot study were able to influence member behavior (Viardot 2013, 757)
Yildiz and others (2015) provide a slightly dimmer, though not altogether bleak,
view of the management of renewable energy cooperatives. The authors note that while
the renewable energy generation of cooperatives fall in line with proper cooperative
principles, the cooperatives still need additional capital to arrange for their projects.
Beyond the income that is being provided by their members, and that capital is borrowed
from banks (Yildiz, Özgür, Jens Rommel, Sarah Debor, Lars Holstenkamp, Franziska
Mey, Jakob Müller, Jörg Radtke, and Judith Rognli 2015, 66). The study also found
demographic over-representations in cooperative members: over 35 (88.34%); male
(80%); university graduates (51%); monthly income over 2500€ (71.39%), suggesting a
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lack of equity in cooperative involvement. When interviewed, the members expressed
strong preference for democratic organization in the co-operative, though only about half
(52%) stated they were always or frequently present at meetings (Yildiz et. al 2015, 65).
The advantages of the cooperative is that the members of the enterprise remain
economically independent from the market and relies and the coordination of actors and
pooling of resources. In this case, the pooling of resources and risk sharing allows
citizens to take part in energy policy without having to bear economic risk (Yildiz et. al
2015, 66). There are issues unique to cooperatives because they depend on shared
property rights, so issues can stem from disagreements regarding those shared rights.
Disagreements between the founders and members and the older and younger generations
can arise when the motivations and goals of the two groups fail to align (Yildiz et. al
2015, 69). Conflict can be a driving force for change, however, and can promote
progress. The authors highlight member participation, trust building, and conflict as
factors that should be further examined to help build policies that can enhance
cooperatives and make them more efficient entities (Yildiz et. al 2015, 73).
Public, public-private, and cooperative systems are all different but acceptable
ways to manage wastewater operations in municipal settings. Though I found no specific
information about water/wastewater cooperatives, the research conducted on renewable
energy cooperatives seemed to be favorable for stakeholders overall. They seem to be
democratic, mostly self-supporting entities with member-driven goals. Because the
cooperative is made of members, its board answers to members. The privately managed
wastewater utilities are beholden to the shareholders, while the public works answer to
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the taxpayer. The bottom line comes down to what way will best manage cost and risk for
the municipality, and that decision varies by the municipality.
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CHAPTER III- METHODOLOGY
RESEARCH QUESTIONS AND SITE SELECTION
The purpose of this study is to answer three key research questions. They are as
follows: What sustainable wastewater treatment techniques are being used in the
American South? Why were they chosen? How economically and environmentally
sustainable are those techniques?
To answer these questions, I utilized purposeful sampling to select six sites
throughout the southeastern United States to assess environmental and economic
sustainability at the selected wastewater treatment facilities. My purposeful sample was
chosen because each site possessed at least one step in its treatment process that was
considered economically or environmentally sustainable by wastewater treatment
industry standards.
DATA SOURCES
I utilized both public domain data and field-collected data in this study. I used
public domain data sets for the economic and environmental data on the sites. I used
Environmental Protection Agency’s Enforcement History Compliance Online (ECHO)
database to assess certain environmental sustainability aspects of the sites. The ECHO
database is a searchable online database that houses information on entities regulated by
the EPA under the Clean Water Act, National Pollution Discharge Elimination System,
Clean Air Act, and Stationary Source Program. It allows anyone to view the permitting
requirements, inspections, violations, reporting, as well as enforcement actions taken by
the EPA or state agencies on the facilities under review. I used the ECHO database to
review compliance/violation history of and enforcement actions against the facilities in
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the study group as a way to assess if they were able to meet current environmental
standards.
Other public domain information I used was from municipal budgetary datasets.
These data are available through the municipalities or water authority’s website. The data
specifically reviewed in this portion included the wastewater budget, plus the overall
municipal budget total, and the cost of wastewater (sewer) service to a residential
address. Along with this economic data, I also used socioeconomic data from the census.
I then integrated the budgetary and census data to analyze economic sustainability aspects
of wastewater treatment.
Aside from this public domain data, I also generated data by touring the facilities,
taking notes, and interviewing the wastewater operators at each location. I developed a
survey instrument in the form of an open-ended interview. I chose the open-ended
interview to allow the operator to provide a narrative of the experience that he or she had
had using the technologies of the facility. The survey instrument is a 12-question
interview addressing the wastewater operators’ experiences with the wastewater
technology and their opinions on how it can be improved or would fare under different
conditions (See Appendix A for Survey Instrument). By providing personal narratives of
the wastewater operators, I was able to add a layer of research beyond quantitative
analyses could provide by giving the story of what was going on at the facility if perhaps
there was a discrepancy in the EPA data or the budgetary data seemed amiss. The
intention was to provide an industry-insider’s perspective of the technology because they
are the experts working with the technology and who know it best. Their views help to
create a more robust picture of how sustainable wastewater treatment techniques are
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faring in the region. The audio of the interviews was recorded and transcribed for
analysis.
MEASURING ENVIRONMENTAL SUSTAINABILITY: LIMITATIONS
When I began this thesis, I knew little about wastewater treatment aside from the
fact that my hometown’s facility had been in and out of the news due to issues regarding
odors coming from their treatment lagoons. I had an interest in sustainable development
and in water resources, so sustainable wastewater seemed like a good thesis topic. After
writing my thesis proposal, I emailed a copy of it to the wastewater operators I intended
to interview so they would understand the nature of my project. Prior to conducting any
interviews, I obtained permission from the University of Southern Mississippi’s
Institutional Review Board (IRB) to conduct my research. See Appendix B for the IRB
approval form.
My first wastewater tour was in Fayetteville, and after introductions, one of the
first criticisms from the head engineer was that a statistical comparison of the efficacy of
the removal of pollutants from wastewater was comparing “apples to oranges” and not
even worth my time to do because it was not going to really prove one kind of method
was better than another. I was skeptical about this because I wanted to believe that
proving that one type of wastewater treatment removes a statistically significant greater
amount of BOD than another treatment type was important. After some discussion, I
came to understand that the Fayetteville engineer had a point.
The amount of a pollutant allowed to be discharged in the effluent depends on
several different variables, which is what makes comparing the numbers very difficult.
The size of the body of water the effluent is being discharged into is a main determinant
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of how stringent the effluent quality has to be. Fayetteville has very high effluent
standards because one of its wastewater plants discharges into a small creek. Memphis
has much less stringent standards due to its discharge emptying into the Mississippi
River. There is also a seasonality to discharge with more stringent requirements in dry
months and more lax requirements in wet months that are not mirrored in another area
that does not necessarily see marked wet or dry periods. Furthermore, there are greater
requirements depending on the impairment of the waterway. Each wastewater facility has
its own special set of environmental requirements that it has to meet in accordance to
EPA standards that are set based on environmental limitations in its receiving waters as
well as based on what kind of loading is coming in as influent. Memphis sees more
industrial loading than other sites, but their treatment techniques reflect that and their
permitting requirements do so as well. What is going on upstream and downstream of the
facility also plays a role in permitting.
Permits required by the EPA or state environmental agencies differ for each
facility as well. For example, Hattiesburg may hold permits for TSS, BOD, and chlorine,
while Tuscaloosa may only hold permits for TSS and COD. Permits require regular
testing and reporting, and limit the amounts of the pollutant that can be discharged.
Facilities will still test and report pollutants that they are not required to have permits on,
but the EPA does not set any limit on the discharge of these pollutants.
To assess environmental sustainability, I used the ability of a facility to meet the
unique EPA guidelines set for that facility. If the technique cannot meet the EPA
guidelines, then it is not sustainable. While I would like to conduct statistical analysis for
the facilities’ TSS and BOD numbers, the results would not be meaningful. The limits are
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too geographically specific to be compared effectively based on the varied facility sizes,
receiving water sizes, seasonal rainfall variability, and impaired waterway 303(d) total
maximum daily load limits. In fact, not every facility is required to even test BOD.
Trying to shoehorn this into statistical analysis of environmental sustainability would be a
poor fit.
For the purposes of this study, the operational definition for environmental
sustainability is remaining within EPA permit limits with no serious violations for the
past five years for effluent pollutant levels and belief expressed by the wastewater
operator that the facility could produce even higher quality effluent in the without
extensive adjustment to the treatment process (i.e. changing the process completely or
adding additional steps). I believe that EPA compliance is a good indicator of whether the
facility has been effective at its job and input from the operators is good at determining if
the facility would need major upgrades to continue to product effluent that meets future
EPA standards. Because the operators have to be in tune with the day-to-day needs of
what the facility needs to meet EPA permits, they know better than anyone what the
limitations of the technology are.
MEASURING ECONOMIC SUSTAINABILITY
Having argued against using statistics for environmental sustainability, I assessed
economic sustainability by reviewing the budgetary data of the associated municipalities.
In general, drinking water and sewage treatment are parts of the same budget and
classified as either “business-like” or “enterprise” functions of the city. They are
supposed to be self-sustaining because, ideally, through the collection of water and sewer
bills and connection fees, they generate enough revenue to support themselves. This does
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not always turn out to be the case. In a more sustainable world, it would be even better if
the facility were able to operate at an efficiency level that would allow for the generation
of revenue could be diverted to pay for facility upgrades, better equipment, personnel
needs, and so on. Often, the facility is breaking even or operating at a deficit.
I would like to make a short note about West Jackson County Regional Land
Treatment Facility in Ocean Springs, MS. West Jackson County is slightly different
because it is part of the Jackson County Utility Authority (JCUA). JCUA is governed by
a Board of Directors and provides wastewater services for all of Jackson County and the
cities of Pascagoula, Moss Point, and Vancleave,
Ocean Springs, Gautier, and Escawtapa JCUA was authorized in 2006 after
Katrina by the Mississippi State Legislature. It was formerly known as “Mississippi Gulf
Coast Regional Wastewater Authority” and was initially authorized by the 1980
Mississippi State Legislature. The JCUA functions differently than Hattiesburg,
Tuscaloosa, Fayetteville, Austin, and Memphis because it is self-sustaining and all profits
go back into the operating budget (rather than having the potential of being transferred
out on a discretionary basis). Because it began as a rural cooperative and is not beholden
to the tight financial constraints of cities, I believe that including West Jackson County in
this assessment was important because consolidation of smaller wastewater treatment
facilities into a cooperative like JCUA could be a way to be economically sustainable,
especially for rural areas that might not have adequate resources otherwise.
My operational definition for economic sustainability is: wastewater treatment is
economically sustainable if the annual cost of normal maintenance and operations do not
exceed the revenue earned from business-like enterprise (bill collection, new taps, new
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customer deposits) and annual customer billing for wastewater costs also does not exceed
1.1% of the median income of the municipality. This percentage was derived from
dividing the annual national average wastewater billing costs (Bluefield Research 2017)
by the median household income for US in 2017, based on American Community Survey
data ($53.81x12)/$57,562.
The ability of a system to support itself is crucial to its economic sustainability, as
is the pricing of service so that it is affordable to local customers. Not all customers feel
the financial weight of sewer bills the same, so maintaining a level that is on par with a
national benchmark was important to assess. Using the budgetary and Census data, I
analyzed economic data using IBM SPSS.
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CHAPTER IV- RESULTS
STUDY SITES
Austin, Texas (Population: 931,830)
I chose Hornsby Bend Biosolids Management Plant (design flow 100 million
gallons daily [MGD]) for its utilization of land application, biogas capture for onsite
usage, sale of biosolids as soil conditioners and for application on off-site and on-site
farmland, its energy neutrality, and water reclamation. It also houses a natural area set
aside for wildlife conservation, particularly birds (Austin Water 2017). It receives all of
the biosolids from the other Austin treatment facilities to process, and, located in the
Colorado River Watershed, it is a zero-effluent facility, which means that no discharge
goes into local waterways (City of Austin, 2017). Austin acquired the land for biosolids
treatment in the mid-1950s, and three lagoons were initially set up to receive the sludge
from the city’s other wastewater treatment plants. However, as Austin grew, Hornsby
Bend began having difficulty meeting its permitting, so wastewater engineers began to
experiment with water hyacinths to improve the effluent water quality. While this was
effective, it was problematic because Austin winters proved to be too cold for the plants.
The hyacinths were also difficult for reasons beyond their vulnerability to cold: they are a
fast-growing exotic species that can create ecological imbalances in the local river
system. The hyacinths were eventually replaced with the much more amenable
duckweed, which effectively treats effluent, covers the water surface, and reduces algae
growth. On site, they also use anaerobic digesters to produce Class B Fertilizer and
biogas.

39

Figure 4.1 - Anaerobic digester at Hornsby Bend (Texas Energy 2012)

Figure 4.2 -Hornby Bend Bird Observatory. Many birders visit Hornsby,
which has a conservation site and has become a home to many birds,
including ducks (Austin Water 2018)
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Figure 4.3-Site Diagram of Hornsby Bend (Austin Water 2011)

Figure 4.4-Site Aerial of the Hornsby Bend Facility
(City of Austin Property Profile)
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Fayetteville, Arkansas (Population: 73,580)
I selected Paul R. Noland Wastewater Treatment Facility (design flow 12.6
MGD) and West Side Facility for their land application and hay producing operation that
helps in nutrient uptake to offset nutrient surpluses. Furthermore, the Paul R. Noland uses
ozonation and West Side uses UV disinfection in lieu of traditional chlorination. The
Woosley Wet Prairie is also a conservation site associate with the West Side Facility
(Fayetteville, Arkansas 2016). Both facilities are located within the Beaver Lake
Watershed, which empties at Beaver Lake, the primary surface water source for most of
the city of Fayetteville (USGS 2017). The Noland Facility has a discharge permit to the
White River, while West Side discharges into Goose Creek. Because the White River is
impaired both above and below the Noland facility for nutrients (ADEQ 2016), there are
very strict permitting requirements in place for ammonia and phosphorus levels at both
facilities. Waterways are listed as “impaired” as part of Section 303(d) of the Clean
Water Act (CWA). This portion of the CWA requires states to adopt water quality
standards for waters within their borders, set criteria to protect the waterbodies, and to set
standards to help maintain the standards (e.g. total maximum daily load requirements for
pollutant discharges) (EPA, 2018). The White River is listed as impaired because the
levels of nutrients (phosphorus, ammonia) in the waterway are higher than the standard
level set by the 303(d) program. As a result, nutrient discharge permits are strictly
regulated along the White River. At this time, permits are only issued to point sources of
pollutants (meaning there is a pipe of effluent discharged into the waterway). A wider
geographical review of the White River indicates that unregulated non-point sources of
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nutrient pollution in the form of agricultural operations provides a better understanding of
the nutrient issue on the White River (Arkansas Natural Resource Commission 2018, 48).

Figure 4.5 -Biological removal structure at West Side
(Fayetteville, Arkansas 2017)

Figure 4.6- Woosley Wet Prairie at West Side
(Fayetteville Arkansas 2017)
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Figure 4.7 -Ozonation machinery at Noland Facility
(Fayetteville, Arkansas 2017)

Figure 4.8-Site Aerial of Westside Facility
(Arkansas Spatial Infrastructure 2017b)
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Figure 4.9-Site Aerial of Noland Facility
(Arkansas Spatial Infrastructure 2017a)
Hattiesburg, Mississippi (Population: 46,805)
The Hattiesburg Wastewater Lagoons (design flow 18.6 MGD) was chosen because
it utilizes a simple lagoon system, which is generally considered the lowest economic cost
of all systems. The lagoons discharge into the Leaf and Bouie Rivers. The Hattiesburg
lagoons straddle the Lower Leaf/Pascagoula River Watersheds and current EPA data
indicate no impaired waterways in either watershed as of the end of 2016 (EPA 2016). The
lagoon system is extremely large at 460 acres and was built in the 1960s. After Hurricane
Katrina, the City of Hattiesburg began to have difficulty with the system and began to
explore other options besides a simple lagoon, including a mechanical plant, land
application process, or simply adding a polishing step the existing lagoon system (City of
Hattiesburg, 2012). Since Hurricane Katrina, the City of Hattiesburg has struggled with
wastewater management issues, though in recent years, there has been improvement.
Concerns of nutrient levels and failure to meet permitting were laid out by the Mississippi
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Department of Environment Quality (MDEQ) in late 2012 as Hattiesburg was provided
revised permit limits (Hardin, 2012). Ultimately, the City Council reviewed land
application and a mechanical plant, and eventually contracted with private company to
manage the lagoon (City of Hattiesburg, 2016). A letter dated August 1, 2016 from a
consultant stated that extensive repair work done on the lagoon system had brought the
system into compliance, stating contributions of a local industry pre-treating its waste and
the general facility improvements had allowed the facility to being working as intended
(Dickerson, 2016). In the end, the City Council abandoned any efforts to build a new
facility.

Figure 4.10-Site Aerial of North Lagoon (City of Hattiesburg GIS 2018)
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Figure 4.11-Site Aerial of South Lagoon (City of Hattiesburg GIS 2018)
Memphis, Tennessee (Population: 653,450)
The T.E. Maxson Wastewater Treatment Facility (design flow 80 MGD) in
Memphis was selected because of its biogas capture technology. They also utilize land
application that results in Class B fertilizer. Biogas captured from their covered lagoon
system is sold to the Tennessee Valley Authority, which is in the process of building a
methane-only plant (Memphis 2017). The Maxson Facility discharges into the Mississippi
River and is in the Lower Mississippi River Watershed. The most recent EPA data shows
that the River at this point is severely impaired for multiple chemicals (EPA 2014).
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Figure 4.12-Covered lagoons for biogas capture (Charlier, 2017)

Figure 4.13- Site Aerial of TE Maxon, excluding Biosolids/Biogas
processing (Shelby County GIS 2018a)
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Figure 4.14- Site Aerial of TE Maxon
Biosolids/ Biogas Processing
(Shelby County GIS 2018b)
Ocean Springs, Mississippi (Population: 17,442)
The West Jackson County Regional Land Treatment Facility (design flow 5 MGD)
uses a lagoon and constructed wetland treatment process, as well as being the land
application site for the processed biosolids for the mechanical plants in the JCUA. The site
has a discharge and limited discharge permit into Costapia Bayou and no discharge permit.
It is in the Tuxachanie-Tchoutacabouffa Watershed. The site was chosen because it is a
constructed wetland design and the facility grows Bermuda grass, which is cut and sold to
the community to purchase for hay (JCUA 2017).
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Figure 4.15-Site Aerial of West Jackson County Regional Land
Treatment Facility (Jackson County GIS 2019)
Tuscaloosa, Alabama (Population: 202,471)
The Tuscaloosa Wastewater Treatment Facility was originally built in 1954 but
has faced several updates since that date, including the upgrade to UV disinfection in
2003-2004. The plant processes 16-20 MGD, although has had to process up to 100
MGD in periods of heavy rain events. Beginning at the pumping station, the effluent is
brought in and screened through the grates; the facility utilizes a PISTA grit removal
system to separate grit from the wastewater before it is moved into the primary clarifier.
This allows for BOD removal. The primary sludge settles out during this stage and is
removed to the digester. The wastewater is then transferred to the aeration basin, which is
a series of channels that the water winds its way through before it is pumped to the
secondary clarifier. Solids further settle out and the treated water runs over the weirs and
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is sent to disinfection. The UV disinfection is automated and the treated effluent is
discharged into either the Black Warrior River or Mill Creek. The primary discharge
point at the Black Warrior is several miles downstream. When the river is up, however,
the facility is not able to discharge into the Black Warrior because floodwaters begin to
come back up into the pipe, preventing discharge. At that point, operators must discharge
into Mill Creek, which is heavily monitored by the USGS. The discharge amounts by the
facility are ample enough to effect the creek, so in times of non-flood, the USGS dictates
periods when there can be discharge into Mill Creek.
Tuscaloosa also separates biosolids to send to the landfill. The primary sludge is
kept in the digester then pumped to the biosolids separating building, where the solids are
dewatered through the addition of polymer and processing through the presses. The
dewatered waste is currently sent to the landfill. However, Tuscaloosa is in the process of
getting permitting for the land application of Class B Fertilizer. The application would
occur in an abandoned strip mine and would provide land reclamation in an area that has
been heavily mined. The process to get permitting has been difficult because permitting
requirements are more stringent for land application for Class B fertilizer. However, if
the facility was able to land apply, it would eliminate waste going to the landfill and
reduce landfilling cost.
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Figure 4.16Closed UV Treatment System,
similar to the one used
in Tuscaloosa
(Treatment Plant Operator 2018)

Figure 4.17Site Aerial of Tuscaloosa
Wastewater Treatment Facility
(Tuscaloosa GIS 2019)
52

ENVIRONMENTAL SUSTAINABILITY
The wastewater operators interviewed in this study agreed that their facilities are
generally able to remain compliant as regulations increase, with a few tweaks to the
existing management practices. Again, for the purposes of this study, environmental
sustainability is measured as remaining within EPA permit limits with no serious
violations for the past five years for effluent pollutant levels and belief expressed by the
wastewater operator that the facility could produce even higher quality effluent in the
without extensive adjustment to the treatment process (i.e. changing the process
completely or adding additional steps). A few cited cases where major changes in
permitting requirements, such as nutrient removal, would require major system upgrades
and the facilities could not remain compliant based on the current technologies. The
Memphis operator expressed concern that they may be able to incorporate nitrogen
removal easily, but if phosphorus removal was required, it would be impossible to easily
add into their treatment process. He stated that the facility was under review for upgrades,
such as adding a disinfecting stage for water before it is discharged into the Mississippi
River. This would be done by adding a peracetic acid treatment step, which currently was
not required. The paracetic acid treatment step is a disinfection step that in not required
due to the receiving waters of the Mississippi being of lower water quality than the
treated wastewater being discharged into it. However, the Maxon facility anticipates
disinfection will be required in the future and wanted to add it while the state revolving
funds were available to them. Paracetic acid is an alternative that is lower chemical
impact than traditional chlorine treatment, which often leaves chlorine residuals that can
be problematic in discharge levels. Unlike chlorine, paracetic acid usually does not
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require “quenching” treatment for residuals. The paracetic acid is a lower-capital
investment than the UV or ozonation disinfection treatment, although paracetic acid
treatment does require the ongoing cost of overhead on chemicals. The paracetic acid
treatment will treat fecal coliform without impact to TSS, BOD, or pH levels, and will
break down into biodegradable agents.
In the process of upgrading they also planned on leaving room in the footprint of
the T.E. Maxson Facility where nutrient removal could be added because it was under
review by the Tennessee Department of Environment and Conversation at the time. The
same operator also expressed concerns when asked about the possibility of CWA
stringency increasing because that particular facility was credited for the amount of heavy
industrial loading they took in. He stated:
“If they [were to] make us consistently follow the bare
minimum (because we currently get credit for the amount of
industries that we take in) and in our next permit cycle, they
[were to] deny us those credits, we would still meet [our
permit] but there would be days where we would be a little
out of range.”
The Ocean Springs' operator stated that they were already under extremely
stringent permitting requirements, which feasibly could not get any stricter. The JCUA
had purchased some property off-site to route some of the effluent to as a way to help
mitigate some of the strict requirements that had been put into place by the EPA. Ocean
Springs has a no-discharge and limited discharge permit, and have to meet high water
quality standards to discharge into Costapia Bayou. The waterway is impaired at a point
further downstream and is also not a large waterway so the discharge point could greatly
impact flow.
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Operators at Fayetteville shared a similar sentiment of being able to continue to
meet standards, primarily because they have already adopted techniques, such as
ozonation, that allow them to have very high quality effluent. They too have to meet very
high effluent standards, which seemingly could not get any more stringent for the
facilities, especially West Side, which discharges into Goose Creek. The discharge into
Goose Creek has such an impact on the flow levels of the creek that the facility treats the
effluent to a level that effectively makes it cleaner than the existing creek water,
according to the facility operator.
In Memphis, the operator related the only time in recent history that they had not
met regulations was when a 90-inch sewer line located just off their property had broken,
causing them to take on river and lake water. They were initially unaware of the break,
but when they were able to fix the issue and eliminated the excess flow, they came back
into compliance. Other than that episode, they have problems being compliant during
periods when the Mississippi River is up. Because their discharge point is on the river,
when water levels are up, river water will flow into their discharge outfall point, making
it impossible for them to effectively pump the effluent out into the river. They have to
report non-compliance, but any violation that results would not be a result of
mismanagement, but rather external environmental factors. They also have issues of
overages of total maximum daily loads (TMDLs), which is the measured as the calculated
amount of gallons of water that can be processed in a day at the facility. This number is
set as a limit to ensure proper treatment levels are maintained. During heavy rain events,
the facility has to treat whatever water comes into the facility, so the TMDL will be
exceeded. They have to report it as an episode of noncompliance, but, again, it is not a
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product of mismanagement but external environmental factor. Other facilities had similar
issues.
Tuscaloosa did not have any recent compliance history, although upon the site
visit, they had just had a recent rain event that they said had been taxing on the facility.
The facility has two discharge points, one far offsite in the Black Warrior River and one
nearby in Mill Creek. As with Memphis, during periods when the Warrior River’s water
level is very high, it covers the outfall pipe and water will enter the effluent discharge
pipe and make it impossible to discharge treated effluent into the Black Warrior River.
The Mill Creek discharge is limited by the USGS, but is allowed during times that the
Black Warrior discharge is not feasible. Similarly, during Tropical Storm Cindy, the
Ocean Springs facility exceeded its permit limits on discharge for TMDL (total maximum
daily load) on gallons per day. However, echoing the sentiment of other facilities, the
manager at that facility stated that they were responsible for whatever water came into the
facility and they could only report the non-compliance.
While they were compliant, Ocean Springs operator discussed the struggles of
meeting permitting requirements for BOD (biochemical oxygen demand) and TSS (total
suspended solids). Due to seasonality and receiving stream size creating stringent
permitting requirements, BOD is difficult to meet throughout the warm months, while
TSS is problem to maintain in the cool months. For increased BOD removal, operator
proposed adding some type of media to the receiving ditch that the water drains through
before entering the contact tank for disinfection.
In Tuscaloosa, the operator was very clear that a non-compliance issue, such as
exceeding a permit limit or a sanitary sewer overflow did not necessarily always rise to
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the environmental agency immediately issuing a violation notice. Instead, he said, often
they were looking for accountability.
“You don’t control what comes in your process on a daily
basis. You know, certain chemicals get dumped, something
happens and it can basically upset [the] process greatly
which can cause you to have a permit violation. A lot of
times we catch it, it can get caught in the system, but a lot of
times it can’t, even if you do, you try to brace for it, adjust
your system but you can’t and you just have to get it through
your system and let it work itself out. I think one of the
biggest...misnomer is that ADEM sets these regulations in
PA that we have to meet these certain standards. A lot of
times people are so scared that if they violate that, they may
almost be scared to report it.... I think a lot of times, ADEM
is just looking for accountability. Like, “We had this
happen...this is what we did to remedy it.” I don’t think it’s
always necessarily a slap on the hand. They want to be
informed, they want to know what is going on. We always
go above and beyond on reporting issues.”
Not always knowing what kind of loading is coming down the sewer lines is part
of the difficulty of the profession. In facilities such as Fayetteville, where bacterial
processes are depended upon to remove different pollutants, unexpected fluxes in
industrial loading can cause problems with the bacteria or, as plant operators usually just
call them “the bugs.” Almost all facilities in the study indicated had established a decent
report with local industries that had loading that could affect their processes, so on days
when there would be large discharges into the wastewater system, the industrial facilities
would notify the wastewater plants ahead of time so they could anticipate changes in
pollutant loading. An example of a way that operators may remedy the increased loading
issue that they may do something as simple as slowing down the treatment processes
timing or allowing the water to cycle back through the biological step repeatedly before
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moving on to the secondary clarifier. Fayetteville's operator knew the schedules of the
local food manufacturing plant's baked goods because that meant increased organic
loading that would affect their bugs' health. Memphis takes on increased industrial
loading that increases BOD loading exponentially, but Memphis is tailored to treat
heavier amounts of BOD. Having a good relationship with the local industries and being
in communication helps with maintaining compliance because when the wastewater
operators know what kind of pollutant loads and what type of pollutants are coming into
the facility, they know how to be prepared and how they are going to have to react. Not
knowing that a large industrial load is coming in is problematic because it is taxing on the
system. It requires operators to wait until their testing numbers are off to be able to adjust
the system, at which point the system is already out a balance and compliance could be
compromised. In larger, slower moving systems such as Hattiesburg or Ocean Springs,
which are both lagoon-based, it takes days for tweaks to the system to show up in testing,
just based on the slow-moving nature of the treatment process. Having close relationship
with local industry is important to wastewater system maintenance.
Some of the operators interviewed in this study felt their facilities were not
prepared for future changes. Ocean Springs indicated they would be resilient to
population growth at the current due to the amount of surrounding land that had already
been purchased for the facility to grow onto if needed. However, the operator expressed
concerns with the technology and process used to treat the wastewater and the ability to
serve the population using that technology. The belief was that in the future, a mechanical
treatment plant, rather than the lagoon/wetland system might be of better service for the
community it was serving due to the ability of mechanical plants to react and provide a
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wider variety of pollutant treatment options. The Memphis operator did not feel that the
facility was resilient to future changes and challenges at the current, but, within the next
five years, as planned upgrades are put into place, he believes the facility will become
more resilient. Tuscaloosa's operator had a positive outlook for the plant's resilience
based on the city’s 20-year-plan, which made him feel that the needs of the community
had been assessed and would be met. Fayetteville's plant manager felt very strongly that
the facility was resilient because both facilities were only meeting about half of the
amount of their permitted daily flow limits. The facilities had been designed with
foresight into future permitting requirements and population growth in mind so they had
planned for them to be resilient against changes. Flow expansion would only be needed in
the distant future, provided the population outgrew the current system.
Austin's wastewater engineer felt reasonably sure the facility was resilient based
on their ability of the facility to be expanded if needed. There is a great deal of
unoccupied acreage that could be used by the treatment facility if they needed to develop
or expand techniques. There is a potential to expand land application and even try some
more experimental techniques on the large property, should the need arise due to greater
environmental compliance requirements.
Operators had different ideas about how to improve their treatment processes and
techniques. The operator for Ocean Springs proposed changes to include something to
uptake BOD in the receiving ditch between the wetland ponds and before the contact
tank. The operator for Memphis had a technical criticism of the biogas capture method
utilized on the site of using the “plug flow system” for the biogas capture. Plug flow
systems require a great deal of maintenance because they are easily clogged. However,
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due to the sheer bulk of biogas being captured out, a plug flow system tends to be
considered the best system efficacy-wise. Fayetteville has made constant improvements
for its technique, most notable at the Noland Facility where the primary clarifiers were
turned into wet weather basins and influent was pumped directly from the intake
screening to the aerobic tanks. Also, other improvements through the upgrades to the
SCADA system and VFD pumps at the Fayetteville facilities have made them more
efficient in terms of detecting issues with entire wastewater system and energy efficiency.
Austin's wastewater engineer stated that improvements could be made to correct issues
with deferred maintenance. The problem with putting of maintenance was not limited to
just Austin but is a worldwide problem with the wastewater sector. He argued,
“I would emphasize more maintenance for our treatment
units. That is one thing our sector, not just us but worldwide,
we neglect. We build and we neglect and then we rebuild. So
we should build, maintain, maintain, maintain, and have a
much longer life than just this build and neglect and have a
much shorter life.”
The same engineer also stated that he would like to see improvements to try
additional recovery techniques, such as phosphorus recovery, nutrient recovery,
codigestion with fats/oils, and expand the existing Dillo Dirt program. There are also
some experimental techniques that generate biochar and biocrude that can be refined into
biofuels that could be explored at the facility. Adopting established technologies that
generate high-value products such as methanol or similar methane-based products, rather
than just producing methane gas is also a favorable improvement that could be made; this
would be dependent on increasing co-digestion.
Most operators cited financial reasons for why a specific treatment process was
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chosen. Site considerations were likely considered at Ocean Springs, due to lower
population density and a more rural location at the time of its inception thirty years ago.
Along with cost, the ability to treat large amounts of industrial loading was important to
Memphis decision-makers when selecting a type of facility. It was ultimately modeled
after a Chicago treatment plant that sees similar industrial loads. Fayetteville needed
nutrient removal and to build/adapt facilities that mirrored the environmental mores of
the community. Similarly, Austin adopted their model due to the attractive operating
costs, available grant funding, and similar desire to provide a service for the community
that reflects their environmental views.
ECONOMIC SUSTAINABILITY
The economic data for this research was complied from publicly accessible
budgetary data, audits, billing rates, and Census data. For the purposes of this study,
wastewater treatment is considered economically sustainable if the annual cost of
normal maintenance and operations do not exceed the revenue earned from businesslike enterprise and annual customer billing for wastewater costs also does not exceed
1.1% of the median income of the municipality. This percentage was derived from
dividing the annual national average wastewater billing costs (Bluefield Research 2017)
by the median household income for US in 2017, based on American Community Survey
data ($53.81x12)/$57,562. The average wastewater billing cost based on the rates in this
study is $58.70, above the national average.
Interestingly, Ocean Springs is the only facility that operated at a net positive and
did not exceed the 1.1% average annual cost to customers. Hattiesburg provided the
highest cost wastewater per household per year based on annual rates and a typical
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10,500 gallon per month use, totaling 1.8% of the annual cost to consumers. Memphis
had the lowest with 0.83% per year cost to consumer. It should be noted, however, that
Memphis is known for having very low, if not the lowest, costing water utilities in the
United States. Based on the 10,500-gallon calculation, Austin came in at 1.5% annual
cost to the household. Due to the limited size of the data set, more in-depth statistical
analyses were unable to conducted.
Austin has been promoting a stringent water conservation program for consumers,
which has been quite effective. Its fee schedule for use is very low cost for the first 2,000
gallons of water use and then more than doubles to $9.94 for every 1,000 gallons used
beyond that to discourage water waste. Furthermore, Austin has instituted an averaging
program to provide customers with fairer bills, averaging water use over a three-month
period or by the monthly water use, whichever is cheaper to the customer. For this study,
the calculations I made were based on the 12,000-gallon a month typical water use of the
average American household. Since 2007, Austin has operated at a net positive,
generating more revenue than expenses, though it has only been in the last half of the
past 10 years that Austin wastewater was profitable. Austin’s more recent budgetary data
has started tracking revenue from water reclamation and other sustainable revenue
sources, as well as tracking carbon footprint offsets by the facilities for the technologies.
Ocean Springs residents, who receive wastewater treatment through Jackson
County Utility Authority, has a unique situation in regards to wastewater costs. Unlike
the other municipalities in this study, where there is typically a base fee plus the charge
per so many gallons, Ocean Springs customers are charged a flat-rate fee for sewer. A
review of the financial disclosures helps to explain some of the ability of the Authority to
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provide the citizens with a flat-rate, which is capped below the typical cost of any of the
other municipalities. The JCUA operates as its own entity and is not beholden to the
budgeting limitations of a municipality, which typically will absorb excess money from
business-like operations back into the general fund to meet other budgetary needs. As a
cooperative, the JCUA operates independently and is able to give back to its shareholders
in the form of a flat rate and improvements to the infrastructure. Their financial records
also noted block grants and environmental grants. As noted by the operator at the Ocean
Springs facility, the facility is generally low-cost to operate; the biggest overhead is
limited to the few chemicals they use, and the machinery they use to keep the grass and
hay cut. If they add additional ponds, then it is a large expense, but it is rare that they are
added. The rest of the facilities in the Authority’s purview are established mechanical
plants.
Tuscaloosa was not economically sustainable. It was not self-supporting, costing
more to operate than the revenue it generated for all but two years reviewed, ultimately
generating a deficit. It did provide rates that were on-par with the national average, but
given that its operating costs exceed its revenues, the shortfalls were having to be made
up by some taxpayer funds. If it was not felt directly through billing, the taxpaying
citizens of Tuscaloosa eventually have to pay for wastewater through some avenue.
Overall, Hattiesburg’s lagoon system operated at a net positive. However, the cost
to citizens exceeded the national average at 1.9%; this is not an economically sustainable
wastewater system. In the case of Hattiesburg, the wastewater system is self-supporting,
but the rates could be a burden on the population, which denigrates an equitable
economic quality the system could provide.
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All the water/wastewater billing operations did offer billing relief, but only to
those meeting certain qualifications, which differed in each city.
Fayetteville, which has a contract with a private wastewater company, has
consistently exceeded expenses with revenues. They are quite sustainable when reviewed
in this sense, but lack sustainability when it comes to their customers. Their rates are
slightly higher than the national average, coming in at 1.2%.
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CHAPTER V- CONCLUSION
The relationship between humans and the environment is a major theme in the
field of geography, and one of the most complex and dynamic human-environment
relationships is the one we have with water. Water has defined where we live, how we
use the land, and where we can go for much of human history. It is only recently that we
have developed the vast networks of water infrastructure that allow us to live and grow
crops in areas that were previously untenable for large human settlement. For all of our
hydrological achievements, however, we still need more of this valuable resource to live
and to function in our increasingly urbanized society. Water is vital for our existence; we
use it in our homes, our factories, and on our farms. Water is still a finite resource and
only a small percentage of it is freshwater. Human history is clogged with examples of
poor water stewardship.
Sustainability and resilience are important concepts that help take into account
liabilities that arise in the human environment. These can range from pollution to a
general lack of efficiency in a system. When these issues exist, they can lead to negative
externalities that may inadvertently harm people or the environment. Examining these
externalities and reconsidering more sustainable approaches to our systems (such as
wastewater treatment) provides us with a future that can produce more positive
externalities, such as cleaner water or less pollution, and fewer negative externalities.
Sustainability and resilience are important to account for in urban and environmental
planning because they help to address these externalities and prepare us for future
changes. Making considerations for future changes caused by climate change now allows
us to be resilient later on when the impact of the changing climate is upon us. In other
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words, preparation now will prevent or buffer the negative impacts later. In this thesis
project, sustainable wastewater treatment was important to consider because more
sustainable wastewater treatment can help to offset negative externalities. Examples of
negative externalities from traditional wastewater treatment can include discharge of
chlorine residuals that interfere with health of fish and wildlife in the receiving waters or
higher energy requirements which creates a larger carbon footprint. Adding sustainable
methods like UV treatment or ozonation rather continuing to use chlorination to disinfect
wastewater eliminates the negative externality of chlorine residuals harming fish
populations in receiving waters. Working toward an energy neutral facility that uses onsite resource reclamation to offset energy requirements, such as through biogas capture,
helps to offset the issues surrounding the carbon footprint of the less sustainable facilities.
Working within the framework of bioregionalism, we can promote watershed
consciousness and the environmental ideal that we as citizens should be stewards of our
local watersheds. Increasing citizen knowledge of wastewater treatment and using more
sustainable methods that utilize pollutants as resources can move us toward a better
future in wastewater treatment. One of the aspects of bioregionalism is that it fails to
consider external ecological impacts. A strength of sustainability is that we must consider
the externalities, both positive and negative. Using bioregionalism to focus on the health
of our local watershed but incorporating tenants of sustainability to account for the
externalities can be the basis for a strong conceptual model of a holistic sustainable
wastewater treatment program with positive community involvement. Additionally, using
bioregionalism can also help us understand wastewater treatment is not a one-size-fits-all
policy for every municipality. Uniquely tailored wastewater treatment programs fit into
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the framework of bioregionalism because each facility is an important unique contributor
to the watershed. To reference an earlier quote from a wastewater operator, it would be
comparing apples to oranges for me to try to compare the environmental requirements
levied on the different facilities in this study. None of the facilities are dealing with the
same conditions. Ranging from heavily industrialized to fairly rural, and having receiving
waters that are impaired or very easily impacted, the wastewater facilities can have a
tenuous and difficult to fill role in the health of a watershed but are extremely important
and often overlooked. Using the bioregionalist lens, municipalities can affect their local
environment positively or negatively by protecting and nurturing this idea that
wastewater treatment is something that is important, beneficial, and can be an asset to the
local biosphere.
My study found that of all the sites, Ocean Springs lagoon/constructed wetlands
with land application facility was the only site that was both economically and
environmentally sustainable. It is worth mentioning that this site is unique in that it is part
of a utility cooperative and it has three different types of discharge permits. It is
stringently regulated because the discharge point into Costapia Bayou is a very small
water body, which can be easily affected by the wastewater discharge. Because of this,
the standards for permitting are quite high at the facility. Austin, Fayetteville, and
Tuscaloosa were all environmentally sustainable, but did not meet qualifications to be
considered economically sustainable for this study. Memphis was economically
sustainable but were not environmentally sustainable. Hattiesburg was neither
economically nor environmentally sustainable.
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Now and in the coming years, the United States is and will have to address aging
wastewater infrastructure. Issues such as shifting populations and changing climate will
have to be addressed as civil engineers, municipal planners, and administrative officials
look to invest in new wastewater technology for their communities. There is no one-sizefits all answer for the type of treatment technology that should be chosen. In fact, cities
should make sure to specialize to their needs. They should anticipate what environmental
regulations they may need to meet in the future and ensure they are either able to adjust
treatment regimens to meet those needs or leave adequate space in their facilities for
build-outs to accommodate future changes. Facilities such as Fayetteville and Austin
have looked ahead to the future and have created facilities that bend to meet those
changes. When building to meet the needs, looking at what other cities have chosen for
wastewater treatment technology is important, too. Memphis’s treatment technology
would be overbuilt in Ocean Springs, while Ocean Springs, even scaled up, would be
inadequate in Memphis. Understanding the nature of the wastewater being treated was an
important factor in the technology.
Working with what sustainable technology is best available to the municipality is
key to leveraging an approach to sustainable wastewater treatment. Biogas is best
available to Memphis due to the size of its operation, ability to have adequate space, and
the amount of industrial loading. Austin was able to leverage its biosolids composting
program, water recycling, and small-scale biogas capture. An engaged citizen-base and a
water authority with a sustainable mindset has pushed water conservation to the forefront
since the 1980s. Each municipality has its own nuances that it can leverage at its own
level, even if it is limited to something as simple as UV disinfection. UV disinfection is
68

both environmentally and economically sustainable because it eliminates a continued
overhead of a chemical cost, while eliminating increased possibility of chemical residuals
entering the waterways. As time goes on, more types of sustainable wastewater treatment
will be adopted in the United States. This project has provided a snapshot of the current
technology within one unique climate region, the American South.
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APPENDIX A – Survey Instrument
1. (Identify the sustainable technique/technology at the specific facility) What is experience you have
had with using this treatment technique? Positive/negative?
2. Do you think this technique could be improved? Why or why not? If why, then how would you
improve it?

3. Is the type of wastewater treatment process used here what you think is ideal for this city? Why or
why not?
4. What was the rationale the city used when the technology was chosen (examples: cost, effectiveness,
grant-funded experimental process, etc.)?

5. Do you think that this facility is resilient against issues like population growth?
6. Have you had issues meeting state and/or EPA regulations since this technology has been in place? If
there was an issue, give an account of what was going on.

7. Do you think that if CWA standards became more stringent, that this facility could maintain EPA
standards with the current treatment type? Why do you think that? If it could not maintain more
stringent standards, then what would your plan of action for the facility be to keep up?
8. What budgetary concerns do you have in regards to the facility?
a. If the facility reclaims resources- What is your sentiment toward the resource reclamation? Is
it worth the investment? Does it pay off?
b. If not- Has the municipality looked into wastewater treatment resource reclamation? Does it
fit in with this treatment type? Why or why not?
9. What do you think of when you hear “sustainable wastewater treatment?”
10. Do you consider your wastewater treatment system economically/environmentally sustainable
(either/or, both, neither)? Why?

11. Would you recommend the type of wastewater treatment done here to all other municipalities or just
certain ones? Why?
12. How would you sell sustainable wastewater treatment techniques to cities that are looking at
improving their wastewater infrastructure?
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